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Abstract 

By looking at the parity-nonconserving (PNC) asymmetries at different energies in pp scattering, 
it is in principle possible to determine the PNC pNN and ujNN couplings of a single-meson- 
exchange model of the PNC NN force. The analysis of the experimental data at 13.6, 45 and 
221 MeV simultaneously has been performed by Carlson et al., who concluded to an agreement 
with the original DDK estimates for the PNC meson-nucleon couplings. In this work, it is shown 
first that the comparison with updated hadronic predictions of these couplings rather suggests the 
existence of some discrepancy for the PNC u)NN coupling. The effect of variations on the strong 
coupling constants and introduction of cutoffs in the one-boson-exchange weak potential is then 
investigated. As expected, it turns out that the resulting asymmetry is quite sensitive to these 
parameters regardless of the energy. However the above discrepancy persists. The dependence of 
this conclusion on various ingredients entering an improved description of the PNC NN force is 
also examined. These include the two-pion resonance nature of the rho meson and some momentum 
dependence of the isoscalar PNC pNN vertex. It is found that none of these corrections is able 
to remove or even alleviate the above discrepancy. Their impacts on the theoretical determination 
of the vector meson-nucleon couplings, the description of the PNC force in terms of single-meson 
exchanges, or the interpretation of measurements, are finally examined. 
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I. INTRODUCTION 


It has been proposed that measurements of the parity-nonconserving (PNC) longitudinal 
asymmetry in pp scattering at different energies could provide a way to disentangle the sep¬ 


arate contributions to the PNC NN force due to p- and a;-meson exchanges 


Q. 


For some 


time, accurate measurements were available only at the low energies of 13.6 MeV 


45 MeV 


s 


Q 


and 


Not until recently that a measurement, less accurate though, has been finished 


been done by Carlson et al. j^, who claimed that the results so obtained do not (Fsagree with 


at the higher energy of 221 MeV 0| which makes the above analysis possible. This task has 


the largest range estimated by Desplanques, Donoghue and Holstein (DDH) A rough 
understanding of the measurements is as follows. At the highest energy point (221 MeV), 
where the contribution of the S' to P NN states vanishes, the dominant contribution comes 
from the P to D transition. It turns out that the corresponding a;-meson-exchange con¬ 
tribution is suppressed. As a result, this point allows one to fix the pNN coupling, N’J’. 
Looking now at the low-energy points, it is found that the p-exchange force so derived gen¬ 
erates PNC asymmetries larger than the measured ones. Accounting for the experiments is 
obtained by fitting the other part of the force due to an a;-meson exchange, which fixes the 
ujNN coupling, h^. In absence of experimental error, appears to have a positive sign, 
opposite to the negative one of the DDH “best-guess” value, and a size at the extreme limit 
of the estimated range. 

Besides the DDH work, there are many predictions for PNC meson-nucleon couplings 
in the literature. Most of them correspond to contributions already included in the DDH 


work (see Ref. [3| for references). Two updated ranges for the PNC couplings are given in 


Refs. 


I, and they do not leave much room for a positive value of the ujNN coupling. 


either. This makes it more difficult to accommodate the value derived from the analysis by 


Carlson et al 


Q 


Moreover, as especially noticed by Feldman et al. |^, predictions for p and 
uj couplings are not independent of each other. According to this observation, a larger 
would thus imply a algebraically larger than ^e DDH “best-guess” value, rather than 
smaller as found in the analysis by Carlson et al. 


DDH one was taken by Kaiser and Meissner 




lilt 

a 


An approach quite different from the 
which used the chiral-soliton model. Their 


predictions differ from the “best-guess” values but nevertheless fit into the estimated range. 
Actually, they could be approximately obtained from the DDH work by weighting differently 
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the various contributions considered there and taking into acconnt the specific dependence 
of the conpling constants on the meson sqnared momentnm, While DDH estimates are 
in principle made at the meson mass (g^ = m^), Kaiser and Meissner’s ones are given at 
g^ = 0. The momentum dependence, which was accounted for very roughly in the DDH 


0 . 


work, has been looked at in detail later on by Kaiser and Meissner in their framework 
It is fonnd to be especially important for the isoscalar PNC pNN coupling. 

>From looking at the different hadronic predictions, it appears very nnlikely that can 
acqnire a positive valne. But, before jumping to the speculation of what conld go wrong 
in these hadronic calculations, it is important to check the analysis which depends, in fact 
quite sensitively, on various issues in the two-nucleon dynamics. In the past, a lot of these 


Q,Q 


Miller ll^, llj|, and Carlson et al. |^. The aim of this current work is to stndy if there 
is some missing two-nucleon dynamics, besides what has been considered before, which 
could possibly restore to more conventional values anticipated by existing hadronic 
calculations. 

On the basis of the DDH “best-guess” values of meson-nucleon couplings, it is generally 
considered that the contribntion to PNC effects in pp scattering is dominated by the p- 
meson exchange. Althongh the contribntions from the ci;-meson exchange are not negligible 
at low-energy data points, they only constitnte abont a 20% or —30% correction, based on 
DDH "best-guess" values or the fitted values by Carlson et al., respectively. It is therefore 
appropriate to concentrate on the p-meson-exchange contribution at a first step. Taking 
into account the uncertainty of the pNN coupling, one can temporarily fix to reproduce 
the low-energy measnrements, which are also the most accurate ones. When this is done, it 
is fonnd that the measured asymmetry at the highest energy point (221 MeV) is missed by 
a factor of about 2. Therefore, any effect that could enhance the transition from P to D 
states (dominant for 221 MeV) with respect to the one from S' to P states (dominant for 13.6 
and 45 MeV) is of relevance for our purpose. Possibilities can be: (1) a larger vector-meson 
tensor coupling Ky j3|, (2) hadronic form factors at the strong-interaction vertex, (3) the 


issues have been surveyed by Simomus jl||, Nessi-Tedaldi and Simonius 


Driscoll and 




two-pion resonance natnre of the rho meson 0 and (4) the momentnm dependence of the 


weak meson-nucleon vertex 13 , lUJI. For the last three cases, the enhancement can be naively 
expected from the resnlting longer range of the PNC NN force, which generally favors 
transition amplitudes involving higher orbital angular momenta. However, it should be 
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noted that the first and third cases may not be independent []J|. For the parity-conserving 
(PC) NN force, we nse the AV18 model |i^ . 

This paper is structured as follows. In Sec. II, the definition of the PNC longitudinal 
asymmetry and its analytic form are given. In Sec. Ill, we concentrate on the description 
of the PNC vector-meson-exchange potential, especially for the p-meson part. This involves 
standard variations of this potential but also less-known ones. We show in detail how the 
standard meson-exchange potential is extended to incorporate the 27r-exchange contribution 
and the form factor of the PNC vertex. The asymmetries resulted from different variations 
of two-nucleon dynamics are presented in Sec. IV. Their implications are discussed and 
new values of weak couplings are obtained from a least-x^ fit to the measurements. The 
conclusion follows in Sec. V. 


II. BASIC FORMALISM 


The longitudinal asymmetry for nucleon scattering, with an incident energy E and a 
scattering angle 9, is defined as 

a+{E,9)-a.{E,e) 


ALiE,e) = 


( 1 ) 


a+{E,e) + a_{E,e) ’ 

where cr+ and cr_ are differential cross sections for projectiles of positive and negative helic- 
ities, respectively. In theoretical analyses, however, it is the so-called “nuclear” total asym¬ 


metry, A^£^{E), that is often used 


Q,y,Qy QQ- 


For processes involving Coulomb 


interactions, such as pp scattering in this discussion, the total asymmetry is in fact ill- 
defined, because total cross sections diverge. The remedy is to remove the pure Coulomb 
contribution from the total cross section: by the optical theorem, the total cross section can 
be related to the forward scattering amplitude f{E, 6* = 0) as 


a“ = ^Im|/(B, 0 = 0)1, 


( 2 ) 


where k is the relative momentum. One can then subtract the pure Coulomb scattering 
amplitude fc, which is singular at 0 = 0, and use the remaining regular “nuclear” scattering 
amplitude, f = f — fc, to define A^ff{E). 

After the spin sums are carried out, the “nuclear” total asymmetry for pp scattering takes 
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the following form 


A^iE) 


Im 

/io,oo(-E, 0) -|- /oo,io(-E, 0) 

Im 

y^JsMs,SMs{E,Q) 

SMs 



( 3 ) 


where the subscripts S'M^, SMs denote the final and initial two-body spin states, respec¬ 
tively. The notation / is used to remind a PNC scattering amplitude: in order to maintain 
the Pauli principle for a pp system, a spin change must be accompanied by an orbital angular 
momentum change, that is, a parity change, too. 

In this work, we treat the PNC interaction, Vpnc, as a perturbation. The unperturbed 
wave functions are solved numerically from the Lippmann-Schwinger equation 


\(±) = u\(±) 


+ 


E — Hq — Vc ±ie 


Vs^ 


(±) 


( 4 ) 


where Vc and Vs are the Coulomb and strong interactions, respectively; and is the 

solution of Coulomb scattering. 

The PC scattering amplitude is given by the following formula 


fs'M'„sMs{E,e) = {L'iMs - M's),S'M's\JMs) 


JLU 


x(L0, SMslJMs) YLpMs-M',){e) 




i k 


, (B) 


where e^s enforces the Pauli principle: L + S has to be even; ap is the Coulomb phase shift 
for the L-wave, and the S'-matrix element Sl,g, can be determined from the corresponding 
“nuclear” partial-wave phase shifts. 

The PNC scattering amplitude is calculated by the distorted-wave Born approximation 
(DWBA) 

fs'M’,sMsiE,0) = -^^^\k\S'M's\Vp^c\kz,SMs)^^K ( 6 ) 

where \k'\ = k' ■ k = cos9, and p = mp/2 is the reduced mass. Comparing two recent 
works. Refs. [lJ| and j^, with the former using DWBA and the latter being numerically 
exact, treating Vpnc as a first-order perturbation is a well-justified approximation. 

It should be noted that though being well-defined and easily calculable, is not 

a quantity which an experiment directly measures. There are two major setups for pp 


scattering: the scattering-type (for low-en^y protons like Refs. (^1^) and the transmission- 
type (for high-energy protons like Ref. (^) experiments. The former one measures the 
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weighted, average asymmetry within a selected angular range [ 61 ^ 62 ]. The latter measures 
the total asymmetry greater than a critical angle 6'c, as the beam in the angular range of 
[0, 6*c] is extracted to analyze the transmission rate so that the total cross section between 
[ 6 c, tt] can be inferred. Since none of these experiments has full angular coverage and is able 
to turn off the Coulomb interaction, some theoretical correction is needed when converting 
an experimental asymmetry to For these issues, we refer readers to Refs. QQ and 
publications of individual experiments for more details. 


III. THE VECTOR-MESON EXCHANGE POTENTIAL 


The one-meson-excha^e PNC NN potential, often used in the literature, refers to the 
expression given in Ref. ( 3 . For a. pp (nn) system, where only p and u mesons contribute, 
this potential can be generalized to the following form 

_ PpNN ( _ I I I ^ 

'^PNC --I n ■ T2 + y fTi + r2 j + idTiTa - Ti ■ T2j 


X (^(cTi - 0 - 2 ) ■ {p, fp+{r)} - (cTi X 0 - 2 ) ■ f /p_(r) j 


Pu^NN I ^0 


r" + 


tun 


X (^(cTi - cr2) ■ {p, U+{r)} - (cTi X 0-2) ■ f/^_(r)j, 


(7) 


where rriN represents the nucleon mass, and Pxnn's and h^’s denote respectively the strong 
and the weak meson-nucleon coupling constants for the meson x and isospin i} 

The radial functions fx±{f') contain important information about the meson-exchange 
mechanism such as its range and vertex form factor, and will be the main variable to be 
studied in this work. In the original DDH model, where a point-like (“bare”) meson-nucleon 
vertex is assumed, they are simply related to the Yukawa function fx{r) as 

p-rux r 

f^rir) = fx{r) ^ yyy , (8) 

r fxT{r) = + Kx)[p, fxir)] , (9) 


^ We notice that the strong and weak couplings are phase dependent. The convention retained here, usually 
employed in the field, corresponds to positive values of the former ones when the fx±{'r) functions are 
given by the Yulcawa-like functions given in Eqs. iHiini. 
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hpj 

DDH -15.5 -3.04 
adj. -22.3 +5.17 


Table I: Weak coupling constants in units of 10 

where Kx is the strong tensor meson-nucleon coupling with = kv,s iY for isovector 
and S for isoscalar) respectively. Modifications of the above standard PNC potential to be 
considered in this work include: (1) variations of the tensor coupling Ky and the introduction 
of cutoff form factors at the meson-nucleon vertices, (2) the description of the p-meson as a 
two-pion resonance, and (3) specific PNC meson-nucleon vertices. All these changes involve 
different forms of fx±{r) which will be precised in the following subsections. We also note 
that fx±{r) can have isospin dependence - though it is not manifest in Eq. Q and a 
superscript denoting the isospin will be added whenever more clarification is necessary. 

When fx±{,'f') does not have isospin dependence, the isospin matrix elements can be easily 
evaluated and this gives rise to a Vp^Q depending on two combinations of the weak-coupling 
constants 


h-/^h° + hl+hl/V6, 
h" = hi + hi , 


( 10 ) 

( 11 ) 


and their numbers to be used in our analysis are given in Tab. HI The set denoted by DDH 


corresponds to the DDH “best-guess” values p. As is known, it roughly accounts for the 
PNC asymmetries measured at low energy (13.6 and 45 MeV). It could miss however the 
high-energy asymmetry at 221 MeV as reminded in the introduction (see detailec 


• B 


results 
to the 


in Sec. HVAl and Tab. The other set, “adj.”, was fitted by Carlson et al. 

experimental values of at the three above ener gies . Since then, it has been used to 
make predictions for PNC effects in the np system |2i|, showing in some cases significant 
differences from the DDH “best-guess” predictions, especially for the PNC mixing parameter 
relative to the ^S'o — ^Pq transition, e°. 
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dpNN 

9ljNN 

Ky 

KS 

Ap 

A(jj 

SI 

2.79 

8.37 

3.70 - 

-0.12 

- 

- 

S2 

2.79 

8.37 

6.10 

0 

- 

- 

S3 

2.79 

8.37 

3.70 - 

-0.12 

1.31 

1.50 

S4 

3.25 

15.58 

6.10 

0 

1.31 

1.50 


Table II: Sets of the strong coupling constants. The cutoffs Ap and are in units of GeV. 

A. Strong coupling constants and monopole form factors 

In the analysis by Carlson et al. |^, while various modern strong potentials were used 
to examine the model dependence, the strong coupling constants, q^nn, QuiNN, kv, and ks, 
and meson-exchange dynamics were fixed to the CD-Bonn model (2]|. The introduction of 
monopole form factors at both the strong and weak meson-nucleon vertices - to be consistent 
with the Bonn model - results in a modified radial function in Vp^fj 


/”(0 

^ fmc 

' J X— 




r) = 


dvrr dvrr 


. 1 a /a '^X 

l-h-Aa,r 1--| 

2 I Al 


2 \ n 


( 12 ) 

( 13 ) 


where A^. is the momentum cutoff for the x-meson exchange. The values of these parameters 
are given in the row S4 of Tab. HIl 

In order to explore the role of the strong coupling constants and the cutoff values, we 
consider three additional sets, denoted by SI, S2 and S3 in Tab. ITTl The set SI corresponds 
to strong coupling constants we have been using in our previous works on PNC problems [3, 
1^ . It involves values of Ky = 3.7 and ks = —0.12 that are favored by the vector meson 
dominance. The set S2 mainly differs from the set SI by a larger value of ny = 6.1. This 
value came from an analysis of pion-nucleon scattering by Hohler and Pietarinen and 
was adopted in the Bonn model. The set S3 corresponds to a modified set SI by introducing 
the same monopole form factor as Ref. P|. The consideration of sets SI, S2 and S3 is useful 
in that the comparison between SI and S2 gives the dependence on the tensor coupling 
constants, and the comparison between SI and S3 shows the role of the hadronic form 
factors. 
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Among the different sets considered here, it is not clear at first sight which one is the most 
realistic, and comments with this respect should be done. In absence of information, it seems 
reasonable to rely on the parameters fixed by some NN interaction model. However, they 
might possibly account for physics different from that one they are supposed to describe. It 
has been shown that the large Qujnn in potential models, like the one in line S4 of Tab. HH 


could actually simulate a coherent contribution of a 


Dare-ci; exchange (with a coupling of 


3- 


On the other hand, accounting 


the size given in the other lines) and a pvr exchange 
for hadronic form factors sounds also reasonable at first, but a dispersion approach to the 
derivation of the NN interaction ignores them by definition. Since form factors imply that 
the particles have inner structure, their excitations should be considered for consistency. As 
a matter of fact, there are cases that can be worked out where both effects cancel. This 
indicates that caution is required in dealing with form factors. Finally, the term involving 
the tensor coupling is expected to be associated with a hadronic form factor that drops 
faster than for the other terms, which is most often ignored. 

In the following subsection, we present an improved description of the p-exchange con¬ 
tribution. It, in particular, involves the physics underlying the increase of Ky from 3.7 to 
6.1, while providing hadronic form factors (including the faster drop-off of the form factor 
associated with Ky). 


B. Two-pion exchange contribution 


In order to account for the two-pion resonance nature of the p meson, we follow the work 
presented in Ref. Q based on dispersion relations. In this formalism, only stable particles 
are involved and the p meson appears indirectly in the transition amplitude, NN —> tttt, 
through its propagator. To satisfy unitarity, the width of the p meson has to be accounted 
for, and this leads to the modification of the free-particle propagator 

- ^ -'- ^ -, ( 14 ) 

772,2 — — + ’ 

where 7 is related to the p-meson decay width Tp by 


Tp = 7g3(mJ)/772p, 


q{t') is defined as 


''I*') = \/i^ 


mt 


( 15 ) 


( 16 ) 
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N 


N* 


I - 1 

(a) (b) 



Figure 1: Graphical representation of the p exchange as a stable particle (a) or taking into account 
its possible decay into two pions, (b) and (c). The single solid line denotes a nucleon, the double 
line a p meson, the dashed line a pion and the thick solid line a nucleon or a baryon resonance. 
These last contributions, which involve intermediate baryons N^ A and N*, are collectively denoted 
here by N*. The filled circle represents PNC pNN vertices. 


and t' represents the invariant sqnared mass of the two-pion system in the t-channel of the 
NN amplitude, on which the integral in the dispersion relation is performed. The above 
amplitude has to be completed for its PC part by a background contribution involving the 
exchange in the t-channel of the nucleon and the A or N* resonances (collectively denoted 
as N* in the following, in absence of ambiguity). The corresponding PNC part is ignored as 
it involves new but essentially unknown parameters. 

The next step is to introduce the above NN —> tttt transition amplitudes in the dispersion 
relation which allows one to calculate the NN scattering amplitude. In terms of diagrams, 
the zero-width p-meson contribution to the NN interaction, shown in Fig. [T] (a), is thus 
replaced by the sum of contributions depicted in Fig. [T] (b) and in Fig. [T] (c). For the 
intermediate baryon states appearing in the last contribution, we retain, beside the nucleon, 
the three lowest-lying resonances, A(1232), A^(1440) and A^(1520) Q 

To obtain the potential in configuration space, a standard Fourier transformation has to 
be performed. The radial functions fp+{r) and fp-{r) in Eq. (jll) for the isoscalar, isovector 
and isotensor parts now become ^ 


2 


The isovector PNC pNN coupling was not part of theoretical frameworks by the time the above work 



was written. There is no more reason to ignore it now although the corresponding contribution is expected 


to be quite small. 
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I 


27r (0,1,2)/ X _ 1 


P+ 


'(r) = 


^27r (0,1,2)/ N 
fn- [r) = 


3(271)3 

1 

3 (271)3 


^—r\/F ^3 (-1-1 

dt' 

1 4m2 


°° q%t') 




oo rv/F / 




/ dt 

' 4m2. ^ 


0 + ‘'’<‘3 ».-(*')■ 


The spectral functions fi'p+(T) and gp-(t') are defined as 


9p+{t') = 
9p-{t') = 


J P 


T Re 




{m? — t'Y + 'y‘^q^{d) m? — t' + i'yq^{t') ’ 


fp{l + Kv) 


+ Re- 


Pit') 


{m'^ — t'y +'y‘^q^{t') ' — t'+ i'yq^{d) ^ 


where 


7 = 


J P 


6 71 m. 


The quantities, a{t') and P{t'), appearing in the above equations are given by 


a{t') = 


qit')x‘^{t') 


-X 


N* 


Or JY* 

q{t') 


1 — h tan 


-il 

h 




2x(t') 


—G^* ( 3/i — (1 + 3/i^) tan 


-1 


h 


h — [1 + h^) tan 


-1 


with 


(17) 

(18) 

(19) 

( 20 ) 

( 21 ) 


( 22 ) 

(23) 


X(l') 

h = h{t') 



2g(T) x{t') 


(24) 

(25) 


The values of the coefficients used in the present work are given in Tab. Ifffl 

Different valnes of /p/(47r) are referred to in the literatnre. They can be related, for 
instance, to the decay width of p —or to gpNN by the hypothesis of vector meson 
dommance. In the present estimate, we nse the latter. For consiste^ with = 2.79 in 
the sets S1-S3 (see Tab. Injl . /^/(dii) = 2.5 (2.08 was used in Ref. |l6l|b 

If one neglects the contribution from intermediate baryons and takes the limit of 7 — 
0 (rp= 0 ) in Eqs. fTHl Onj) . the radial functions /p^*'°’^’^^(r) simply reduce to the original 
Ynkawa-like ones /p|’'®(r). 
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N* 

G^*/(47r m^) 


N 

0 

14.48 

A(1232) 

-21.8 - 0.97^ 

ml 

7.4- 0.062^ 

ml 

A(1440) 

-7.11 

2.15 

A(1520) 

-5.75 - 0.252^ 

ml 

1.26-^0.06^^ 

ml 


Table III: Coefficients and G^* appearing in Eqs. ([221121: values for the intermediate baryons 
(nucleon and resonances) retained here. 

The two-pion exchange interaction also contains a part with an isovector character which 
results from a non-zero ttNN coupling. Its contribution to the PNC asymmetry of interest 
in this work has been calculated in the past [l^. It has not been considered here however. 
While it could represent one half of the low-energy measurements with the “best-guess” value 
of this coupling, there are many reasons to believe that this coupling is actually smaller 3|- 
The corresponding contribution is therefore expected to play a minor role. On the other 
hand, this contribution looks like a p-exchange one Q and qualitative results obtained here 
for the other two-pion exchange contribution, would largely apply to it in any 

case. 


C. Parity-nonconserving pNN vertex form factor 


Meson-nucleon vertex functions are generally written as the product of the coupling 
constant, dehned for an on-mass-shell meson = m^), and a form factor which depicts 
the dependence. Among various empirical choices, the monopole one is often adopted for 
the strong vertex, which leads to, e.g., the Bonn potentials j^,[3|- As already mentioned 


in the subsection IIII A1 the works of Refs. [3, Ii3| involve applying the same monopole form 
factor also to the weak vertex, which gives rise to modihed radial functions as in Eqs. 
d- However, one can certainly speculate about other possibilities. 

In the DDH work Q, the coupling constant receives three contributions: “factorization”, 
“parity admixture” and “sea quarks”. For simplicity, they have been taken as constant. The 
two last contributions were estimated by relying on the SU{Q)w symmetry and experimental 
information from non-leptonic hyperon decays but the authors also worried about symmetry- 
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breaking effects. These ones conld be sizable for the “parity-admixtnre” contribntion to the 
isoscalar pNN conpling, which can be shown to vanish at = 0. ^ This resnlt is dne to the 
cancellation of two contributions with the same topology but involving intermediate quarks 
with negative and positive energies. While the hrst one is included by using the SU{6)w 
symmetry and could be appropriate for an on-mass-shell meson, the effect of the second one 
is ignored. To account for the expected cancellation, the “parity-admixture” contribution to 
the isoscalar pNN coupling was suppressed by a factor 4 in getting the “best-guess” values. 
A rehned estimate would suppose to calculate the dependence of the coupling constant, 
which was done by Kaiser and Meissner in their framework Although there exists no 
detailed comparison, their results tend to support the above analysis. The g^ dependence 
is especially important for the isoscalar pNN coupling. It evidences a feature which is 
somewhat unusual for current form factors but is a signature of the underlying dynamics: a 
change of sign occurs at 

We now consider the effect of inserting the above momentum dependence in the PNC 
NN interaction. Consistently with the non-relativistic approach used here, we neglect the 
energy transfer carried by the meson and therefore assume q^_^ —q^ in the following. The 
isoscalar PNC pNN vertex form factor, F™^^\q‘^), in Ref. [ll| can thus be approximately 
parametrized as 



- 2 


-|- A' • 


(26) 


At low-momentum transfer, the parameter A' has the same effect as usual cutoff parameters 
but its role differs at high momentum transfer (hence a different notation). The sensitivity 
to this parameter will be studied in the later section. Assuming the corresponding strong 
vertex is still a point-like one, the radial functions for the isoscalar p exchange, modihed by 
Eq. (1^ . now reads 


^KM(O) 
J p-\- 

^KM(O) 

Jp- 


(r) 

(r) 


A' ^ 

A' 2 _ ^2 


fpir) 


2A 


/ 2 


A' 2 — rUp 


/A'('f), 


-!(1 + K,) [p, /™‘“’(r)) 


(27) 

(28) 


^ This contribution is absent for the isotensor pNN coupling and both isoscalar and isovector loNN cou¬ 
plings. The vanishing of the contribution at = 0 for the isoscalar pNN coupling has some relationship 
with an anapole moment contribution. 
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Figure 2: Yukawa function (bare-p, continuous) and modified ones due to form factors with a 
monopole type at both PC and PNC vertices (Monopole, dashed), to 27r and N* corrections (“27r + 
N*^\ dot), and to PNC form factors obtained from the chiral-soliton model calculation (Chiral 
soliton, dot-dashed). The left panel is for /p+(r), and the right one for /p_(r). Expressions of the 
potentials are given in the text, Eqs. m El [la EH Cni EOl E3 EHI) , and parameters entering the 
monopole and chiral-soliton ones, A and A', are given the unique value 1.31 GeV. 


In the limit A' —> cx), (r) recovers the standard Ynkawa fnnction fp{r). In a special 

case where A' = rrip, corresponding to the above mentioned change of sign at ~ 
y.mvi(o)(^) finite 

- 1 ) ■ ( 29 ) 

despite the presence of the factor A' ^ in the denominator. 


D. Resulting potentials 

The masses of vr, p and u mesons are set to be 139.0, 771.0 and 783.0 MeV respectively, 
throughout the calculations. Plotted in Fig. El are fp+{r) and fp-{r) multiplied by which 
appears in the r-space integration. The potentials with the bare-p exchange, the monopole 
form factor, the 27r +corrections and the PNC chiral-soliton form factor are represented 
respectively by solid, dashed, dotted and dot-dashed lines. 

Compared to the bare-p-exchange potential, the 27r + A^* corrected (“27r + A^*”) one gives a 
non-negligible enhancement in the range 0.5 < r < 2 fm. In the remaining regions, however, 
these two potentials are almost indistinguishable. For the potentials with form factors, we 
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show results with A' = 1.31 GeV and Ap = 1.31 GeV for the chiral-soliton and monopole ones 
respectively. Both of them give signihcant difference from bare-p and “27r +A^*” potentials at 
r < 2 fm. The chiral-soliton form factor enhances the potential substantially at 0.4 < r < 2 
fm, drops rapidly at around r ~ 0.4 fm and changes sign at r < 0.2 fm. The change of sign 
can give a negative contribution to the matrix elements, but the quantitative estimation is 
dependent on the shape of the wave functions. With different A' values, the shape of the 
potential changes. For a value smaller than 1.31 GeV, the change of sign is shifted to larger 
r values, and the enhancement in the intermediate range becomes more significant than 
for the present potential. On the other hand, if one increases the A' value, the potential 
becomes more similar to the bare-p one. We will show this behavior explicitly when we 
discuss the results. Gontrary to the PNG chiral-soliton form factor, a monopole form factor 
gives suppression in magnitude over the whole r region. This suppression will give matrix 
elements smaller than in the remaining three cases. More importantly, a monopole form 
factor makes the potential more sensitive to the cutoff value than the PNG chiral-soliton 
form factor is to the value of A'. We will argue about this point in the forthcoming results. 

Concluding this section, an important observation should be made with respect to the 
motivation of the present work. In comparison to the standard p-exchange potential, some 
of the variations we consider tend to make its range longer. At first sight, the feature which 
can possibly enhance the contribution of P to D NN states with respect to the S' to P 
ones is desirable. This can be checked by calculating the plane-wave Born amplitude, but a 
definitive answer requires a full calculation with distorted wave functions. 


IV. NUMERICAL RESULTS AND DISCUSSION 

We here discuss qualitatively the effects of the different variations on the meson-exchange 
potential laid down in the previous section. 

A. Effect of the coupling constants and monopole form factors 

In Tab. IIVI the results with various chosen parameter sets (see Tabs, d and ttH for their 
values) are presented. The effect of the coupling constants is straightforward: larger coupling 
constants give larger asymmetries. As shown in Ref. |l|| that the S — P transition dominates 
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Weak 

DDK 

adj. 


Strong 

SI 

S2 

S3 

S4 

S4 

Exp. “ 

13.6 

-0.96 

-1.33 

-0.66 

-1.13 

-0.92 

-0.95 ±0.15 [2] 

45 

-1.73 

-2.39 

-1.16 

-2.00 

-1.59 

-1.50 ±0.23 

221 

0.43 

0.75 

0.25 

0.52 

0.85 

0.84 ±0.29 [4| 


“These values are taken from Ref. j^, assuming the theoretical corrections have been made. 

Table IV: Sensitivity of the PNC asymmetry, to different choices of weak and strong 

coupling constants, or to monopole form factors (see Tabs. ITI and 1171 for their values) and comparison 
with experiment. 

at the low energies, while the P — D transition does at the high energies, the S — P transition 
amplitude is approximately proportional to 

9pNN + 2) + gujNN {k-s + 2), (30) 

and the P — D transition amplitude to 

QpNN Kv + gujNN K,S ■ ( 31 ) 

Beginning the discussion with a comparison of the predictions and measurements, we 
observe that the Sl-set results agree with the low-energy measurements. At 221 MeV, the 
result is smaller than the lowest experimental value by about 22%. For the set S2, the 
situation is opposite: the result at 221 MeV is within the error bar, but those at low energies 
are off. Since the asymmetry can be well approximated by Eqs. dHoiini), which are linearly 
dependent on the strong coupling constants gxNN and k ’ s , we conclude that those good 
at low energy are not good at 221 MeV, and vice versa. As expected, the asymmetry is 
sensitive to the strong coupling constants, but this is almost irrelevant to the resolution of 
the problem raised in the introduction. 

We now consider in more detail the sensitivity to the isovector tensor coupling Ky- This 
can be done by comparing results of sets S2 and SI, or S4 and S3. Evaluating Eq. (EDD 
with S2 and SI, we obtain the ratio S2/S1 (S — P) ~ 1.36. This value is comparable to the 
ratios of S2/S1 at 13.6 and 45 MeV, 1.39 and 1.38, respectively. Equation (pIT|l gives S2/S1 
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Figure 3: Modified Yukawa functions multiplied by r^: with the square of monopole form factor 
(left panel) and the PNC chiral-soliton form factor (right panel). For illustration, the cutoff A is 
given the values oo (bare), 3, and 1.31 GeV in one case while the parameter A' assumes the values 
oo (bare), 3, 1.31 and 0.771 GeV in the other case . 

(P — D) ~ 1.68, and this value is close to S2/S1 at 221 MeV, 1.74. In a similar way, we can 
compare S4 and S3. We have the ratios S4/S3 {S — P) ~ 1.71 and S4/S3 {P — D) ~ 1.96. 
Our calculation gives 1.71 and 1.72 at 13.6 and 45 MeV, respectively, and 2.10 at 221 MeV. 
In both cases, it is found that changing Ky from 3.7 to 6.1 enhances the prediction for the 
high-energy point with respect to the low-energy ones. The effect, which is of the order of 
25%, goes in the direction we looked for. However, for the set SI, enhancement due to a 
larger value of Ky is still lacking to ht the high-energy asymmetry within the experimental 
error bar. 

The role of monopole form factors can be understood by comparing results of sets S3 and 
SI (or S4 and S2 after correcting for different strong couplings in this case). The ratios are 
0.69, 0.69 and 0.58 at 13.6, 45 and 221 MeV respectively (or 0.73, 0.72 and 0.59). One sees 
a clear indication that the effect of monopole form factors is in favor of S' to P transitions, 
contrary to what we would naively expect from a longer-range interaction. This point will 
be further examined later on after other similar long-range effects are also considered. 

For a part, the above results can be understood from the behavior of the potentials. In 
Fig- El the left panel shows the Yukawa potential modihed by monopole form factors, with 
a multiplication factor r^. The smaller the cutoff value is, the smaller is the potential for all 
r. Thus, with a smaller cutoff value, the asymmetry is also smaller in magnitude. The large 
sensitivity of the potential to the cutoff value as Fig. El shows, has its origin in the expression 
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SI 

S2 

Exp. 

bare -/0 

“27r -k V*” 

bare -/0 

“27r -k V*” 

13.6 

-0.96 

-1.22 (1.26) 

-1.33 

-1.68 (1.25) 

-0.95 ±0.15 

45 

-1.73 

-2.11 (1.21) 

-2.39 

-2.92 (1.22) 

-1.50 ±0.23 

221 

0.43 

0.52 (1.22) 

0.75 

0.92 (1.22) 

0.84 ±0.29 


Table V: Sensitivity of the PNC asymmetry, Al (xlO^), to the effect of the finite /9-width correction 
of the weak potential. Weak coupling constants are fixed to the DDK “best-guess” values. Two sets 
of strong couplings, SI and S2, are considered. The numbers in the parentheses represent the ratios 
(“27r + iV*”)/(bare-/9). 

of the squared monopole form factor in momentum space, ((A^—m^)/(A^-|-q^))^. This form, 
which is consistent with the definition of couplings made for on-mass-shell mesons, implies 
an overall suppression of PNC amplitudes at low energy by a factor ((A^ — m^)/(A^))^ 
(=0.43 for A = 1.31 GeV). This behavior differs from the one evidenced by other potentials 
considered below where the factor under discussion is essentially absent. On the other hand, 
the difference between the above suppression factor and the one deduced in the previous 
paragraph by comparing S3 and SI results indicates that the effect of the potential occurs 
at distances larger than what the position of maxima in Fig. IHl suggests. 

B. Effect of the 27r and N* corrections 

The effect of the 27r -k N* corrections is investigated with the strong parameter sets SI 
and S2, and the DDH “best-guess” values for the weak coupling constants. The results are 
summarized in Tab. El In the column “27r -|- N*'\ the numbers in the parentheses represent 
the ratios of results (“27r -k N *")/(bare p). 

The “27r -k result evidences a relatively larger enhancement at 13.6 MeV than at the 
remaining two energies, but as a whole, the ratios are similar. For the set SI, the “27r-k 
potential increases the asymmetry by 0.26, 0.38 and 0.09 at 13.6, 45 and 221 MeV respectively 
(in units of 10“^). Consequently the low-energy asymmetries exceed the experimental upper 
limit while the high-energy one is still below. For the set S2, The amount of increase is 
larger than for the set SI: 0.35, 0.53 and 0.17 at 13.6, 45 and 221 MeV respectively (again in 
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units of 10“^). Thus, the low-energy predictions, which are already out of the experimental 
error bars with the p-exchange potential, are farther away from experiment. Meanwhile, 
a relatively small increase of the high-energy asymmetry keeps the prediction within error 
bars. 

To get some insight into the above results, it is interesting to look at the potentials in 
Fig. El At r > 2 fm, they show a similar behavior. In comparison to the bare-p potential 
within the range 0.4 < r < 2 fm, fp^{r) is sizably larger bnt fpl{r) is slightly smaller. In 
the range r < 0.4 fm, is very similar bnt fpl{r) is clearly smaller. From the result of 

the asymmetry in Tab. El one can deduce that the suppression of fpl(r) at short distances 
does not much affect the magnitude of the asymmetry. Therefore, roughly speaking, a good 
deal of the difference in the results comes from the difference of the potentials in the region 
0.4 < r < 2 fm and the contribntion from r < 0.4 fm is negligible. 

While the enhancement of the interaction in the range 0.4 < r < 2 fm can explain en¬ 
hanced asymmetries, an enhancement of asymmetry at the higher energy point with respect 
to the low ones, as one would expect from a longer-range interaction, does not show up. 
Though the effect is small (0 ~ 3%), it is opposite to what could be naively expected. It 
is interesting to compare the resnlts with those obtained from nsing the plane-wave Born 
approximation (PWBA). The enhancement of the asymmetry at low energy would be about 
12% while it reaches 26% at high energy (the enhancement for the P to D transition at low 
energy is about 60%). 

As mentioned in Sec. IIII Al the enhanced ny value, 6.1, could account for the physics we 
included here in allowing for the contribution of nucleon and baryon resonances to the irN 
scattering amplitude (or the NN tttt amplitude). Therefore, results denoted “ 27 r -|- iV*” 
with SI and bare-p with S2 in Tab. M should not be independent. This is snpported for a 
part by the fact that both resnlts deviate from the bare-p SI contribution by relatively the 
same amount for the low-energy measurements (roughly 24% and 38%). The difference is 
larger for the high-energy point (22% and 74%), but this could be due to the approximate 
character of treating the effect of extra contributions to the ttN scattering amplitude by a 
constant nnmber. In principle, the Ky contribntion is expected to be associated with a form 
factor that decreases faster than for the other contribntions. 
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A' (GeV) 

bare 

3 

1.31 

0.771 

13.6 

-0.96 

-1.04 

-1.33 

-1.69 

45 

-1.73 

-1.88 

-2.38 

-2.92 

221 

0.43 

0.47 

0.61 

0.67 


Table VI: Sensitivity of the PNC asymmetry, ^l(xIO^), to the effect of a specihc correction of 
the isoscalar PNC pNN vertex. Results are presented for different values of the parameter A', 
introduced in Eqs. The bare-meson exchange is adopted for the other components of the 

PNC potential. Set SI is used for the strong parameters, and DDK “best-gness” valnes for the weak 
coupling constants. 

C. Effect of the PNC vertex form factor 

Results with the monopole form factor have been discnssed at the beginning of the present 
section (see Tab. HB- We here consider the effect of the PNC chiral-soliton form factor for 
the isoscalar pNN coupling. As this form factor could involve some uncertainty, we also 
looked at variations of the cutoff parameter A' in Eq. Besides the value A' = 0.771 GeV, 
which approximately hts Kaiser and Meissner’s estimate |ll||, we consider the values 1.31 
and 3 GeV. The hrst of these last values hts the low-momentum dependence of the monopole 
form factor used by Carlson et al. and the second allows one to make the transition to the 
standard point-like pNN coupling. The larger A’s are probably closer to the one inferred 
from the DDH work, though quite uncertain. Strong coupling constants are picked up 
from the set SI, and DDH “best guess” values are used for the weak coupling constants. 
The results with different strong coupling constants, e.g., S2, can be easily deduced from 
Eqs. (EDIEH). 

Looking at the results given in Tab. EH it is seen that the magnitude of the asymmetry 
increases when the parameter A' becomes smaller. This can be understood from the behavior 
of the potential. In Eig. [3 we plot the modihed Yukawa potential multiplied by for 
the PNC chiral-soliton form factor (right). With a smaller A' value, the position of the 
peak is shifted to larger r, and the curve becomes broader. This behavior leads to a large 
enhancement in the range 0.5 < r < 2 fm. In the result with the 27r -|- N* corrections, we 
discussed that a large portion of the difference in the asymmetry is expected to be originated 
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from the different behavior of the potential in the range 0.4 < r < 2 fm. The behavior of 
and f™{r) in Fig. [2l supports this conjecture; and though these functions even 
change sign at r < 0.2 fm, enhanced results are still found. A smaller A' value gives rise to 
a more enhanced potential in the range 0.4 < r < 2 fm and consequently, this gives a larger 
magnitude of asymmetry. 

Similarly to the effect discussed in the previous section, the enhancement of the potential 
in the range 0.5 < r < 2 fm can explain the enhancement of the asymmetries calculated in 
this section with respect to the bare-p ones. Again, the enhancements are larger at low than 
at high energy (roughly 73% and 56% for A' = 0.771 GeV) but the relative difference is more 
obvious here (17% instead of 0 ~ 3%). It is interesting to compare the above results with the 
PWBA ones. In this case, the effect of the form factor under consideration provides a slight 
suppression at low energy while, at high energy, it leads to a large enhancement, 80% for A' = 
0.771 GeV (a factor 3 for the P to H states transition at low energy). These results evidence 
a striking feature. While the enhancement for the P to P states transition amplitude at high 
energy in PWBA is more or less recovered by the actual DWBA calculation, the appearance 
of an enhancement for the S' to P states transition amplitude at low energy in PWBA is 
much less expected by DWBA. To some extent, this confirms the conclusion from considering 
similar longer-range forces as due to monopole form factors or a non-zero width of the p 
meson that: contrary to a naive expectation, a longer-range force does not necessarily imply 
an enhancement of P to P states transition amplitudes at high energy over the S to P states 
one at low energy. 

Somewhat surprised by this last result, we looked for an explanation. It turns out that 
both the and ^Pq wave functions entering the S' to P transition amplitude are strongly 
suppressed at short distances in the AV18 model, which we used to describe the strong 
NN interaction. This suppression acts the same way as the centrifugal barrier favors Born 
amplitudes with higher orbital angular momenta. However, in AV18, the suppression for the 
^S'o and ^Pq is even stronger than the one for ^P 2 and ^P 2 , so an opposite situation occurs 
here: a longer-range PNC force enhances the S' to P transition amplitude with respect 
to the P to P one. This feature is largely due to the ^Pq wave function where the effect 
of a short-range repulsion extends to medium distances. Were this wave function similar 
to the ^P 2 one, quite different results would have been obtained instead. The effect of a 
longer-range interaction would then be more similar to what is expected from considering 


22 


the PWBA alone. In Ref. other strong potential models were also considered and no 
big model dependence was fonnd. Therefore, it can be expected ronghly that the above 
conclusion applies for cases other than AV18. 

D. Fitting the weak coupling constants 

Motivated by the values of PNC coupling constants obtained in an earlier analysis P|, we 
looked in the present work for possible effects that could affect its conclusions. We consider 
in this subsection the quantitative consequences of these effects on the coupling constants. 

We first notice that none of the cases we considered allows one to reproduce the central 
values of measurements by relying on presently known predictions of PNC meson-nucleon 
couplings. While the p exchange dominates, the oj exchange must necessarily have a sign 
opposite to what is expected, confirming Carlson et a/.’s analysis, whose main qualitative 
features were reminded in the introduction. A question which remains of particular interest 
is whether the size of the ujNN coupling can be made more consistent with expectations. 
Before entering into details, we mention that our own results for the pNN and uiNN cou¬ 
plings, = —22.2 X 10“^ and = 5.28 x 10“^, slightly differ from Carlson et a/.’s ones 
when the same set of strong couplings, S4, is used. The discrepancies can be reasonably 
understood as due to minor differences in the inputs. 

We begin with the SI set of strong couplings, for which a qualitative understanding of 
the result has been reminded in the introduction. A least-x^ fit gives = 10.5 x 10“^ and 
= —25.9 X 10“^. The difference with Carlson et al.’s result for is primarily due to 
that one in the strong coupling constant Qujnn- The absence of difference for is somewhat 
accidental and results from the cancellation of different effects involving the tensor coupling, 
Ky, the strong coupling constant, QpNN, and the monopole form factor, with some being 
separately discussed below. 

Looking now at the results for the set S2, it is found that the ujNN coupling obtained 
from a least-x^ fit, = 7.2 x 10“^, is smaller than in the previous case as expected from 
the discussion of results in Sec. ITVBl showing the favorable character of an enhanced value 
of the isovector tensor coupling, Ky, for the problem under consideration in this work. A 
value of the pNN coupling smaller in magnitude is also obtained, = —16.3 x 10“^. Let 
us elaborate this point in more detail. Sets S2 and SI differ by the values of the tensor 
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couplings, Ks and Ky. Since |fi:s| <C Ky, Eq. EJ for the P — D transition amplitnde ap¬ 
proximately implies oc l/^y. One therefore expects that the ratio of the htted valnes, 
h^J’{S2)/h^^{Sl)^ be close to the ratio of the tensor couplings, Ky(S'l)/fi;y(S'2). The approx¬ 
imate equality of the ratios, 0.63 and 0.61 respectively, conhrms that the u contribution to 
the corresponding amplitude is small. For the set SI, its contribution to the asymmetry at 
high energy amonnts to 4%. More generally, the htted valne of depends on the strong 
conpling constant as l/(gp]VN f^v)- This implies that the contribntion of the term QpNN i^v 
to the S — P transition amplitnde, represented by Eq. JHOD, is approximately the same for 
the sets SI and S2. The remaining term, 2 Qpnn + duNN (2 -|- ks), should be therefore 
the same too. The value of can be htted so that this term is the same, regardless of the 
strong coupling constant. Considering the case discussed above where Ky increases, leading 
to an increase of h'^J’ (algebraically), it appears that the hrst contribntion to the remaining 
term, gpjyj^f, increases with the conseqnence that the other term g^j^jy (2 -|- ks) has 
to decrease. This implies that decreases. The value so obtained is close to the ht one. 
As will be shown for the results for the set S3, is also sensitive to the value of the strong 
coupling, gu^NN- 

As argned at the end of Sec. ITTT Al a partly improved version of the above resnlts obtained 
with the set S2 conld be given by the “ 27 r-|-iV*” ones with the set SI. It is therefore expected 
that the corresponding htted conplings shonld tend to evidence the same departnres to 
the Sl-set results. The value obtained in the present case for the pNN coupling, = 
—21.1 X 10“^, is half way between the results for the SI and S2 sets. The expectation is 
verihed for a part, suggesting that the physics which has led to introduce an enhanced value 
of Ky is not fnlly acconnted for. The effect of an approximate treatment of the nnderlying 
physics conld have more important conseqnences for the ujNN conpling. This one, given by 
= 11.7X10“^, remains close to the Sl-set resnlt. This featnre indirectly indicates that the 
27r correction scales the p-exchange contribution to the low- and high-energy asymmetries 
by the same factor, allowing one to account for its effect by modifying the pNN coupling. 
It results that the uNN coupling is essentially unchanged in the ht procedure. The lower 
value of the uNN coupling obtained with the S2 set conld therefore be qnestionable to some 
extent. 

Pnrsning the discnssion with the resnlts for the set S3, which was intended to look at 
the effect of monopole form factors often introduced to describe hadronic vertices, it is 
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found that the fitted values of the couplings, = 14.6 x 10“^ and = —41.1 x 10“^, 
are significantly increased (in size) with respect to the previous ones. The difference with 
Carlson et al.'s results comes mainly from different values of the strong couplings and of Ky. 
The most important one for the main purpose of the present paper is due to the value of 
QujNN, almost a factor 2 , which explains a large part of the discrepancy between the fitted 
values of h'^. There are other significant differences but, due to cancellations, they have not 
much effect on the PNC uNN coupling. Taking into account that the product QpNN i^v 
is mainly determined by the high-energy point, the difference in the value of Ky is largely 
compensated by a change in Differences between the sets S3 and S4 for other ingredients 
{gpNN and Ks) have a minor effect. Thus, the comparison of results for these two sets of 
strong couplings shows that smaller (and more reasonable) values could be obtained for the 
weak couplings by increasing the size of the strong ones but, while this could be suggested 
by the phenomenology of the strong NN interaction, there is no theoretical justification. 

Finally, as for the effects of the weak vertex form factors, the result for the uNN coupling 
reflects the discussion of the asymmetries in Sec. IIV Cl The fitted value tends to increase 
when A' decreases. It is given by = 11.5 x 10“^ and 15.2 x 10“^ at A' = 1.31 and 0.771 
GeV respectively (correspondingly, = —16.8 x 10“^ and = —14.1 x 10“^). Strictly 
speaking, the last values obtained for hP^ only apply to h?p as only the isoscalar PNC form 
factor is taken into account (the isovector and isotensor vertices are still taken as point like). 
However, to a good approximation, it can be considered that the fit determines an effective 
coupling given by + 0.7 (fi), + v^) for A' = 1.31 GeV and + 0.5 (fi), + a/6 ) for 

A' = 0.771 GeV. From what is left out, which is not expected to be large, it is in principle 
possible to get an extra constraint on the isovector and isotensor couplings. The statistical 
significance of the result is expected to be smaller than the h'PJ one, however. 


V. CONCLUSION 

We considered the PNC asymmetry in pp scattering at the energies 13.6, 45 and 221 
MeV, where experimental data are available. In a recent analysis j^, pNN and ujNN weak 
coupling constants were fitted to reproduce the ex^rimental data. Though the resulting 
values are within the reasonable range given in Ref. p, the fitted ujNN coupling constant is 
opposite in sign to most of the theoretical estimates. Employing AV18 as a strong interaction 
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model, we investigated the role of the effects such as different strong coupling constants, 
cutoffs in the regularization of the PNC meson-exchange potential, long-range contributions 
to its p-exchange component and PNC form factors of the isoscalar pNN vertex. 

As expected, the asymmetry is sensitive to the strong coupling constants, on which it 
depends linearly. Assuming the DDH “best-guess” values for the weak couplings, it was 
found that all three experimental data can not be satisfied simultaneously with any of the 
strong coupling sets considered in this work. In one case, low-energy results are within the 
experimental errors but the high-energy one is not, and vice versa in the other. Comparison 
of the results with and without monopole form factors shows a significant effect. For the 
cutoff value A = 1.31 GeV, asymmetries are suppressed by about 30~40%. This strong 
dependence on the cutoff value qualitatively agrees with the one shown in a different way 
in Ref. j^. Fitting the weak couplings to the measurements, the authors found that a 
decrease of the cutoff value by a factor 0.8 enhances the fitted values of and from 
—22.3 X 10“^ and 5.17 x 10“^ to —106.7 x 10“^ and -1-14.63 x 10“^ respectively p]. The 
27r-exchange contribution to the bare-p-exchange potential gives a sizable enhancement at 
both low and high energies. The ratio of enhancement is, however, similar but slightly larger 
at 13.6 MeV than that at 45 and 221 MeV. Consequently, with the 27r exchange in the PNC 
potential, the asymmetries at low energies exceed the experimental ranges, and that at 221 
MeV is close to or within the error bar. Simply speaking, the 27r contribution does not 
change the high-vs.-low energy trend found in the case of using the bare-meson-exchange 
potential. The results with a specific PNC form factor show its strong influence too. The 
larger is the change in the potential, the larger is the magnitude of the asymmetry regardless 
of the energy: similar to the case including the 27r exchange. Concluding this part of our 
work based on the DDH “best-guess” values for the weak couplings, we did not find any 
effect that could allow one to simultaneously describe the measurements of the asymmetries 
at low and high energies. 

As is well known, predictions for the weak pNN and ujNN couplings are uncertain and 
can largely vary in some range. One can thus look for values of these couplings which could 
fit the above measurements. The striking feature is that in all cases we considered the 
coupling constant has a positive sign, opposite to the DDH “best-guess” one. This is not 
therefore a surprise if the above studies with the DDH “best-guess” values could not provide 
a good description of the measurements. The sign agrees with Carlson et al.'s one but 
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the size, which assumes some improvements in this work, is generally larger, making it more 
difficnlt for the conpling so obtained to be accommodated in the expected range. Thns, 
the discrepancy that motivated the present work, far to be reduced, is enhanced. 

Interestingly, the possibility that the ujNN coupling be positive was considered in the 
past to explain the ratio of the proton-nucleus force, determined from PNC effects in some 
complex nnclei, to the proton-proton one, determined from PNC effects in pp scattering at 


low energy [ll. It was however discarded dne to a low statistical significance and the absence 
of theoretical snpport. With resnlts from incorporating the high-energy point in the analysis 


ofpp scattering (Ref. P| and present work), the above prospect becomes less unlikely. 

We here consider three issues. The hrst one is that the value of the fitted ujNN coupling, 
its sign in particular, is correct. This implies that present hadronic estimates are missing im¬ 
portant contribntions. With this respect, one shonld distingnish bare and dressed conplings 
that conld inclnde rescattering effects (loop corrections) [3|- Inclnding some phenomenology 
however, it is not clear how much present estimates should be corrected for them. The second 
issue is the possible existence of large corrections to the PNC single-meson exchange poten- 

ing more directly with NN 
2Q|. Mnlti-meson exchanges 
or retardation effects are known to provide large corrections in the strong-interaction case 
and there is no reason it shonld be different here. Along the same lines, one conld also cite 
relativistic corrections which, for vector-meson exchanges, could be important Q . The last 
issue concerns the experiment, especially at the highest energy of 221 MeV. The discussion 
throughout the paper is based on the absence of error bar. Assuming minor adjustments of 
the meson-nncleon conplings to the low-energy points, current predictions for the highest- 
energy point may be off by a factor two for the central valne, bnt only by one and a half 
standard deviation when the experimental error is acconnted for. On the other hand, the 
PNC experiments are difficult ones and a naive interpretation of the error bar does not 
necessarily give a good indication of where a more accurate measurement would sit. A ten¬ 
dency to overestimate the real asymmetries has often been observed. Whatever the issue, 
we believe all of them quite exciting becanse fnrther stndies will be reqnired to determine 
the right answer. 


tial 123 . This concern has motivated various approaches dea 

n n 

scattering amplitndes, in the past [ 23 , l22| and qnite recently 
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